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The effect of inhaled and oral dextromethorphan on citric
acid induced cough in man

T. J. GRATTAN, A. E. MARSHALL, K. S. HIGGINS & A. H. MORICE
Department of Medicine and Pharmacology, Royal Hallamshire Hospital, Sheffield S10 2JF

1 Dextromethorphan is a widely used antitussive agent which is a non-narcotic
codeine analogue. We have investigated whether inhaled administration of dex-
tromethorphan provides antitussive activity in a citric acid induced cough model.

2 Twenty normal subjects underwent repeated cough challenge with 5% citric acid.
Subjects were studied on six occasions. Study medication consisted of oral dex-
tromethorphan 30 mg or oral matched placebo or 1, 3 and 30 mg inhaled dex-
tromethorphan or matched inhaled placebo. Cough challenge was administrated 10
min after study medication and hourly thereafter up to 250 min.

3 No significant differences were seen between baseline cough responses. Oral dex-
tromethorphan (30 mg) produced a mean percentage reduction in cough of 38%
(P < 0.002), which remained significant at 250 min. Inhaled dextromethorphan
had no clinically significant effect although activity at later time points was not
excluded. The antitussive effect of oral dextromethorphan is confirmed with pro-
longed inhibition of induced cough. It is possible that dextromethorphan or its
active metabolites act centrally to inhibit the cough reflex.
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Introduction

Dextromethorphan is a dextro-isomer of levorphanol
(dextro-3-methoxy-N-methyl morphinian hydrobro-
mid), a non-narcotic codeine analogue. In man orally
administered dextromethorphan has been shown to
cause a significant reduction in cough frequency in
patients with chronic pathological cough [1]. A similar
efficacy in experimentally induced cough in human
subjects using a citric acid aerosol has been demon-
strated [2-5].

Dextromethorphan exhibits polymorphic metabo-
lism via the enzyme P4502D6 [6], with 10-20% of the
population being 'slow' metabolizers. In fast metabo-
lizers dextromethorphan is rapidly O-demethylated by
the liver to a proposed active metabolite dextrorphan
[7] which also has known antitussive activity [8]. Peak
plasma levels of dextromethorphan occur approxi-
mately 2 h after oral administration and it has a half-
life of 2.5-3.9 h [9].

Dextromethorphan binds to two sites in the brain, a
high and a low affinity site [10] which are distinct
from opioid and other neurotransmitter binding sites.
Previous studies using a guinea pig cough model have
demonstrated that dextromethorphan may be up to 100
times more potent when given by the pulmonary route
compared with oral or i.p. administration [11]. Thus a

local action within the airways may be responsible for
some of the antitussive properties of dextromethor-
phan. In this study we have evaluated the antitussive
effect of inhaled dextromethorphan in healthy human
volunteers with citric acid-induced cough.

Methods

Twenty normal subjects ( 1 female, mean age 25
years, range 21-45) were studied using an inhalation
cough challenge from a breath activated dosimeter
(Mefar, Brescia, Italy). During inspiration the dosime-
ter delivered a 1 s nebulization of 5% citric acid (dose
delivered approximately 33 gmol citric acid). Cough
was assessed over the minute following each chal-
lenge and challenge was repeated five times. Indivi-
duals were screened on two occasions and only those
subjects with a reproducible cough response of
between 5 and 15 coughs were accepted into the study
protocol. The study was approved by the local ethics
committee and subjects gave informed consent.

Subjects were asked to return to the clinic on six
occasions at the same time of day. Each study day was
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separated by at least 24 h and on each occasion a base-
line cough challenge was performed to ensure that
cough sensitivity had not altered between study days.
Fifty minutes after baseline cough challenge subjects
received in a randomised single-blind protocol the
study medication. Oral medication consisted of 10 ml
of 0.9% saline placebo or dextromethorphan HBr 30
mg made up in 10 ml saline. Inhaled medication was
delivered by nebulizer (System 22 high flow compres-
sor, CR60 nebulizer) driven at 7 1 min-. Saline (3 ml
of 0.9%) was used as placebo and dextromethorphan
HBr 1 mg, 3 mg, 30 mg were used as active treatment.
Cough challenge was repeated at 10, 70, 130, 190

and 250 min after the start of drug administration.
Four hours after the 30 mg dextromethorphan HBr
dose a urine sample was obtained for analysis of
dextromethorphan metabolites. The degree of oral
anaesthesia and irritation was assessed 1 h after
drug administration by visual analogue score (zero
equals no anaesthesia or irritation, ten equals severe
irritation).

Table 1 Effect of inhaled dextromethorphan on mean cough
frequency (95% confidence limits) following citric acid-
induced cough

Time post-dose 95% confidence
(min) Dose (mg) Mean cough lower upper

10 1 7.4 -1.9 2.8
10 3 7.8 -1.4 3.4
10 30 8.1 -1.1 3.7
70 1 6.6 -2.1 1.8
70 3 6.7 -1.7 2.3
70 30 6.3 -2.1 1.9
130 1 5.6 -3.3 0.9
130 3 5.8 -2.8 1.4
130 30 6 -2.7 1.6
190 1 6.4 -2.2 1.4
190 3 6.4 -2.1 1.6
190 30 5.4 -3.1 0.6
250 1 6.1 -3.1 0.7
250 3 6.5 -2.4 1.4
250 30 5.5 -3.3 0.5

Statistical analysis

Statistical analysis was by the paired t-test of the area
under the curve comparing the oral placebo with the
positive control, 30 mg oral dose of dextromethorphan
HBr. Dunnett's test was used to compare the three
inhaled doses of dextromethorphan with inhaled
placebo and also oral placebo. Subjective data from
the visual analogue scores were analysed using
Student's t-test.

Results

There was no significant difference between baseline
cough response on each of the study days. On both
inhaled and oral placebo treatment days subsequent
cough challenge was highly reproducible (Figure 1
and Table 1).
The 30 mg oral dextromethorphan produced a sta-

tistically significant (P < 0.002) cough reduction when
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Figure 1 Effect of oral administration of dex-
tromethorphan 30 mg (M) on citric acid induced cough
compared with placebo (1). Values are mean ± s.e.
mean.* P < 0.002.

compared with placebo at all time points except for
the first post-treatment challenge. Mean percentage
reduction in cough was 38% for these time points. In
contrast there was little significant difference between
the inhaled dextromethorphan and placebo although a
difference between 30 mg oral and inhaled could not
be excluded particularly at later time points (Table 1).

Visual analogue score of 30 mg oral and inhaled
doses demonstrated significantly greater anaesthesia
(mean VAS 5.3 vs 2.3, P = 0.012) and irritation (mean
VAS 4.8 vs 1.1, P = 0.0011) with inhaled medication.

Urine samples were obtained from 18 subjects 4 h
after receiving 30 mg dextromethorphan orally. Ratio
of dextromethorphan to dextrorphan was less than 0.3
in all subjects indicating a fast metabolizer status [12].

Discussion

In this study we have demonstrated that inhalation
challenge using citric acid is a highly reproducible
index of the cough reflex, provided that the study pop-
ulation is selected to exclude those with no response
and those with poorly reproducible evoked cough. The
reduction in cough response seen between baseline
challenge and t = 10 is not unexpected and is in agree-
ment with our previous observations of the high
susceptibility of the citric acid cough challenge to
initial tachyphylaxis [13]. By conducting the baseline
challenge 60 min before the initial post-treatment
challenge, and by restricting the frequency of sub-
sequent challenges to 60 min intervals, we have been
able to minimise this effect.
We have confirmed the previously reported efficacy

of oral dextromethorphan in producing significant
reduction of citric acid induced cough [2] and in this
study the reduction in evoked cough continued to be
significant at 4 h post-dosing. This effect cannot be
explained by delayed metabolism of dextromethor-
phan since the metabolic ratio of all of our subjects
fell into the fast metabolizer group. Thus the adminis-
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tration of oral dextromethorphan produces a prolonged
antitussive action in man.

The lack of efficacy of inhaled dextromethorphan,
and for inhaled opiates, reported in a similar study
using a capsaicin cough model [14], is surprising in
view of the superior efficacy shown for both inhaled
dextromethorphan [ 1 1], and inhaled opiates in the
guinea-pig model of citric acid induced cough [15].
Evidence from the rat, an obligate nasal breather like
guinea-pigs, suggests that absorption can occur from
the nasal cavity directly into the CSF [16], and there is
also evidence of direct absorption of progesterone and
oestradiol in primates [17]. It is therefore possible that
in the guinea-pig cough model, there is direct trans-
port of antitussive agent from the nasal cavity to the
CSF following inhalation. This could result in ele-
vated levels of drug within the brain, compared with
an equivalent dose administered by other routes, and
could account for the apparent increase in potency.

In the present study, dextromethorphan was deliv-
ered in a nebulized solution via the mouth, and whilst
the majority of the dose was probably swallowed,

approximately 10% will have been locally deposited
in the airways [18]. The lack of effect of high concen-
trations of dextromethorphan within the airways
argues against peripheral dextromethorphan receptors
being important in the modulation of the cough reflex.

The degree of oral anaesthesia produced by oral
dextromethorphan was significantly less than that seen
with a similar inhaled dose. This argues strongly that
the antitussive effect of dextromethorphan is specific
and not due to a local analgesic effect of the com-
pound.

In conclusion we have demonstrated that oral dex-
tromethorphan is a potent and long lasting antitussive
agent, whereas the inhaled drug produces no signifi-
cant reduction in the cough reflex. Further studies will
be required to determine the precise therapeutic half-
life of this agent in slow and fast metabolizers so that
the effect of dextromethorphan metabolites on the
cough reflex may be determined.

We would like to acknowledge the support of SmithKline
Beecham.
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